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(g) Magnetic recording medium and process for producing the same. 

(g) A magnetic recording medium comprising : 

(a) a substrate ; 

(b) an NiO primary layer which is provided on 
the substrate (a) and in which the plane (200) is 
substantially oriented in parallel with the sur- 
face of the substrate (a) ; and 

(c) a_ po^contairiing maghemite film w hich is 
provided on the NiO primary layer and in 
which the plane (400) is substantially oriented in 
parallel with the surface of the substrate (a), the 

- molar ratio of Co^ tn Fft-is^from not less than 
0.01 ;1 to less than 0.10:1 and the spacing of 
the plane (400) is not more than 0.2082 nm 
(2.082 A). 

has excellent oxidiation resistance, corro- 
sion resistance and an appropriate coercive 
force and can be produced at a temperature 
lower than 500°C. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic re- 
cording medium and a process for producing the 
same, and more particularly, to a magnetic recording s 
medium composed of a perpendicular magnetic film 
which has an excellent oxidation resistance . 3n excel- 
lent corrosion resistance, an appropriau :ercive 
force for preventing a magnetic saturation : . & mag- 
netic head which is widely used at present, particular- 10 
ly, a coercive force of less than 3000 Oe and a large 
squareness {value compensated by a demagnetiza- 
tion coefficient) and hence, which is suitable as a 
high-density magnetic recording medium, and a proc- 
ess for producing the magnetic recording medium. is 

With recent remarkable tendency for downsizing 
and higher reliability of information processing appa- 
ratuses and systems, magnetic recording media have 
increasingly been required to have a higher recording 
density. Perpendicular magnetic films as magnetic 20 
recording media which respond to such demand have 
been rapidly developed and put to practical use. Per- 
pendicular magnetic films which are magnetized per- 
pendicularly to the film plane are not only free from 
demagnetization but also capable of high-density re- 25 
cording. 

An alloy film such as a CoCr alloy film has con- 
ventionally been proposed as a perpendicular mag- 
netic film. However, it is necessary to coat the sur- 
face of a CoCr alloy film with a carbon film having a 30 
thickness of about 100 to 200 A in order to prevent the 
deterioration of the magnetization characteristics. As 
a result, the spacing loss caused by the distance be- 
tween a magnetic head and the recording layer is in- 
creased by the distance corresponding to the thick- 35 
ness of the carbon film, which is unsuitable for high- 
density recording. For this reason, a material of a per- 
pendicular magnetic film is strongly required to be an 
oxide which is stable against oxidation. 

As to the coercive force of a perpendicular mag- 40 
netic film, an appropriate coercive force for prevent- 
ing a magnetic saturation of a magnetic head which 
is widely used at present, particularly, a coercive 
force of less than 3000 Oe is required. 

The coercive force He of a magnetic recording 45 
medium has a close relationship with the perfor- 
mance of a magnetic head, as is well known. When 
the coercive force He of the magnetic recording me- 
dium is as high as more than 3000 Oe, the current at 
which a writing operation is performed becomes so so 
high that the head core of a magnetic head which is 
widely used at present, is magnetically saturated due 
to an insufficient saturation flux density Bm. As a re- 
sult, it is impossible to sufficiently magnetize the 
magnetic recording medium. 55 

Aferrite head is widely used in a magnetic record- 
ing and reproducing system which corresponds to a 
magnetic recording medium having a coercive force 



of not more than 1000 Oe, while a head such as a 
Sendust head, an amorphous head and a thin-film 
head, whose head core is made of a material having 
a high saturation flux density, is used in a magnetic 
recording and reproducing system which corresponds 
to a magnetic recording medium having a coercive 
force of more than 1000 Oe. 

In addition, a magnetic recording medium is re- 
quired to have as large a reproduction output as pos- 
sible. For this reason, a perpendicular magnetic film 
is required to have as large a squareness as possible. 

As a perpendicular magnetic film for magnetic re- 
cording, an alloy film such as a CoCr alloy film and a 
CoPt alloy film, a spinel oxide thin film such as a co- 
balt ferrite film (Japanese Patent Application Laid- 
Open (KOKAI) Nos. 51-119999 (1976), 63-47359 
(1988), 3-17813 (1991), 3-188604 (1991), 4-10509 
(1 992), and 5-12765 (1 993)), a magneto-plumbite ox- 
ide thin film such as a barium ferrite film (Japanese 
Patent Application Laid-open (KOKAI) No. 62- 
267949 (1 987)) and the li ke have conventionally been 
proposed. 

Among the above-described perpendicular mag- 
netic films, the cobalt ferrite (Co x Fe3_ x 0 4 ) films which 
are typical of spinel oxides are stable against oxida- 
tion, because the cobalt ferrite (Co x Fe3_ x 0 4 ) films are 
oxides, and have a large crystalline magnetic aniso- 
tropy. Owing to these magnetic characteristics the 
cobalt ferrite films are considered to be promising as 
a perpendicular magnetic recording medium. 

As the process for producing a cobalt ferrite 
(Co x Fe3. x 0 4 ) film, various methods such as sputter- 
ing method, vacuum evaporation method and MO- 
CVD method are known. 

In order to improve the orientation of a perpendic- 
ular magnetic film, various attempts have recently 
been made. For example, a single crystal material is 
used as a substrate, and various types of primary lay- 
ers are formed between a perpendicular magnetic 
film and a substrate. There are known a perpendicu- 
lar magnetic film using a MgO single crystal as a sub- 
strate (IEEE Trans. Mag. MAG- 12 , No. 6,733 (1976), 
IEEE Trans. Mag. MAG-14 , No. 5.906 (1978) and 
Czehch. J. Phys. §21^, 563 (1971)), a perpendicular 
magnetic film using NaCI layer as a substrate (J. Cry. 
Growth. 50, 801 (19B0)). a perpendicular magnetic 
film using NiO layer as an primary film (Japanese Pa- 
tent Application Laid-Open (KOKAI) No. 5-166167 
(1993)), etc. 

Although a perpendicular magnetic film which 
has an excellent oxidation resistance, an excellent 
corrosion resistance, and an appropriate coercive 
force for preventing a magnetic saturation of a head 
which is widely used at present, is now in the stron- 
gest demand, none of the conventional magnetic thin 
films sufficiently meet these requirements. 

For example, a cobalt ferrite (Co x Fe3_ x 0 4 ) film 
produced by a sputtering method is disadvantageous 



2 



3 



EP 0 673 021 A1 



4 



in that although the easy magnetization axis of a co- 
balt ferrite (Co x Fe3. x 0 4 ) film is an axis (1 00), the axis 
(100) thereof is likely to orient at random or the plane 
(111) is likely to orient in parallel with the surface of 
the substrate, so that it is difficult to produce a per- 
pendicular magnetic film. (1) The method described 
in Proceedings of the 9-th Meeting of Magnetic Soci- 
ety of Japan 29PB-10 , (2) the method described in 
Proceedings of the 1 3-th Meeting Magnetic Society of 
Japan , p 246, and (3) the method described in Japa- 
nese Patent Application Laid-Open (KOKAl) No. 4- 
1 0509 (1992) are known as examples of a method for 
obtaining a cobalt ferrite (Co x Fe3- x O A ) film in which 
the plane (400) is predominantly oriented in parallel 
with the surface of the substrate. 

The method (1) is a method of depositing Fe and 
Co ionized in an oxygen plasma on an MgAI 2 0 4 sub- 
strate or a silica glass substrate heated to 500°C. 
Since it is necessary to maintain the substrate tem- 
perature at a high temperature such as not lower than 
500°C during film formation, the productivity is poor. 
In addition, in order to raise the substrate temperature 
to not lower than 500°C, the substrate itself is re- 
quired to have a high heat resistance. However, the 
heat resistance of glass or the like, which is widely 
used as a material of the substrate for a perpendicular 
magnetic recording medium, is insufficient In this 
way, since the material of the substrate is limited, it 
is not advantageous either industrially or economic- 
ally. 

The method (2) is a plasma-exciting MO-CVD 
method. Since it is necessary to maintain the sub- 
strate temperature at 300 to 400°C in a vacuum dur- 
ing film formation, the productivity is poor, which is in- 
dustrially and economically disadvantageous. 

The method (3) is a method of annealing a multi- 
layered metal film produced by laminating at least two 
layers of Co and Fe at a temperature of not lower than 
500°C in an atmosphere containing oxygen. Since a 
high temperature is necessary, the material of the 
substrate is limited, as described above, which is dis- 
advantageous industrially and economically. 

If an MgO single crystal layer or NaCI layer is 
used as a primary film as in the known technique, it 
is easy to form a ferrite film as a perpendicular film in 
which the plane (400) is substantially oriented in par- 
allel with the surface of the substrate, but since the 
MgO single crystal layer is expensive, the MgO single 
crystal layer and NaCI layer are easily broken and it 
is difficult to obtain the MgO single crystal layer or 
NaCI layer having a large area, use of such the MgO 
single crystal layer or NaCI layer as a substrate is not 
practical. 

Since an NiO film as a primary film in which the 
plane (200) is substantially oriented in parallel with 
the surface of the substrate can be easily produced 
on a glass substrate by sputtering at room tempera- 
ture, it is practical to use the film as a primary film. 



However, the perpendicular magnetic film described 
in Japanese Patent Application Laid-Open (KOKAl) 
No. 5-1 66 1 67 (1 993) arises the problem that although 
the crystal orientation of the plane (400) is accelerat- 
5 ed by forming Co ferrite on the NiO primary film. As 
seen from Japanese Patent Application Laid-Open 
(KOKAl) No. 3-17813(1991), when the lattice con- 
stant of a primary film is larger than that of a ferrite 
film, the perpendicular anisotropy of the ferrite film 
10 becomes larger. But when a Co-ferrite film is dis- 
posed on an NiO primary film, the lattice constant of 
the primary film is smaller than that of the Co-ferrite 
film. Namely, since the spacing (2.09 A) of the plane 
(200) of the NiO primary film is smaller than thespac- 
15 ing (2.1 0 A) of the plane (400) of Co x Fe3. x O At the per- 
pendicular anisotropy is reduced due to the compres- 
sive stress in the plane direction of the Co-ferrite film. 

European Patent No. 0 586 142 A1 discloses a 
perpendicular magnetic film comprising: a primary 
20 layer of an NiO film formed on a substrate, in which 
the plane (100) is predominantly oriented in parallel 
with the substrate; and a Co-containing y-Fe 2 0 3 film 
formed on the primary layer, in which the plane (400) 
is predominantly oriented in parallel with the sub- 
25 strate, the molar ratio of Co to Fe is from 0.10 : 1 to 
0.32 : 1, the spacing of the plane (400) is not more 
than 2.084 A, and the optical absorption coefficient at 
700 nm is not more than 2.5 jarrr 1 . 

The perpendicular magnetic film disclosed in Eu- 
30 ropean Patent No. 0 586 1 42 A1 has a coercive force 
of not less than 4000 Oe, and the technical problem 
thereof is to provide a perpendicular magnetic film 
which has an excellent oxidation resistance, an excel- 
lent corrosion resistance, a large coercive force, e.g., 
35 a coercive force of not less than 4000 Oe, a large 
squareness, a large Faraday rotation angle in a short- 
wavelength region, and a small optical absorption 
coefficient. 

The technical problem to be solved by the present 

40 invention is to produce a perpendicular magnetic film 
which has an excellent oxidation resistance, an excel- 
lent corrosion resistance, an appropriate coercive 
force, for example, a coercive force of less than 3000 
Oe (in which the technical developing direction is just 

45 in the opposite direction to that of European Patent 
No. 0 586 142 A1), at a temperature which is lower 
than 500°C and as low as possible, under the indus- 
trially and economically favorable conditions. 

. As a result of studies undertaken by the present 

so inventor so as to solve the technical problem, it has 
been found that by forming, on the surface of a sub- 
strate, an NiO primary layer in which the plane (200) 
is predominantly (substantially) oriented in parallel 
with the surface of the substrate; forming a mono- 

55 layered Co-containing magnetite film or a multi- 
layered film composed of at least one unit on the NiO 
primary layer, one unit being a laminate of a magne- 
tite layer and a CoO layer, in which the plane (400) is 
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predominantly (substantially) oriented in parallel with 
the surface of the substrate and the molar ratio of Co 
to Fe is not less than 0.01 and less than 0.10; and an- 
nealing the monolayered film or multilayered film at 
240 to 450°C, the thus obtained perpendicular mag- 
netic film has a coercive force of less than 3000 Oe, 
a large squareness (value compensated by a demag- 
netization coefficient) such as not less than 0.88, an 
excellent oxidation resistance and an excellent corro- 
sion resistance. On the basis of this finding, the pres- 
ent invention has been achieved. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to eliminate 
the above-described problems in the related art and 
to provide a magnetic recording medium composed of 
a perpendicular magnetic film which has an excellent 
oxidation resistance, an excellent corrosion resis- 
tance, and an appropriate coercive force (e.g., less 
than 3000 Oe) for preventing a magnetic saturation of 
a magnetic head. 

To achieve the aim, in a first aspect of the present 
invention, there is provided a magnetic recording me- 
dium comprising: a substrate; an NiO primary layer 
which is formed on the surface of the substrate and 
in which the plane (200) is substantially oriented in 
parallel with the surface of the substrate; and a Co- 
containing maghemite thin film which is formed on the 
NiO primary layer and in which the plane (400) is sub- 
stantially oriented in parallel with the surface of the 
substrate, the molar ratio of Co to Fe is not less than 
0.01 and less than 0.1 0, and the spacing of the plane 
(400) is not more than 2.082 A. 

in a second aspect of the present invention, there 
is provided a magnetic recording medium comprising: 
a substrate; ah NiO primary layer which is formed on 
the surface of the substrate and in which the plane 
(200) is substantially oriented in parallel with the sur- 
face of the substrate; and a Co- and Mn-containing 
maghemite thin film which is formed on the NiO pri- 
mary layer and in which the plane (400) is substan- 
tially oriented in parallel with the surface of the sub- 
strate, the molar ratio of Co to Fe is not less than 0.01 
and less than 0.1 0. the molar ratio of Mn to Co is 0.07 
to 0.30, and the spacing of the plane (400) is not more 
than 2.082 A. 

In a third aspect of the present invention, there is 
provided a process for producing a magnetic record- 
ing medium comprising the steps of: forming, on the 
surface of a substrate, an NiO primary layer in which 
the plane (200) is substantially oriented in parallel 
with the surface of the substrate; forming a mono- 
layered Co-containing magnetite film or a multi- 
layered film composed of at least one unit on the NiO 
primary layer, one unit being a laminate of a magne- 
tite layer and a CoO layer, in which the plane (400) is 
substantially oriented in parallel with the surface of 



the substrate, and the molar ratio of Co to Fe is not 
less than 0.01 and less than 0.10; and annealing the 
monolayered film or multilayered film in a tempera- 
ture range of 240 to 450°C. 

5 In a fourth aspect of the present invention, there 

is provided a process for producing a magnetic re- 
cording medium comprising the steps of: forming, on 
the surface of a substrate, an NiO primary layer in 
which the plane (200) is substantially oriented in par-. 

10 all el with the surface of the substrate; forming a 
monolayered Co- and Mn-containing magnetite film 
or a multilayered film composed of at least one unit 
on the NiO primary layer, one unit being a laminate of 
a magnetite layer and an oxide layer containing Co 

15 and Mn, in which the plane (400) is substantially ori- 
ented in parallel with the surface of the substrate, the 
molar ratio of Co to Fe is not less than 0.01 and less 
than 0.10 and the molar ratio of Mn to Co is 0.07 to 
0.30; and annealing the monolayered film or multi- 

20 layered film in a temperature range of 240 to 450°C. 

DETAILED DESCRIPTION OF THE INVENTION 

A perpendicular magnetic film according to the 

25 present invention is a Co-containing maghemite thin 
film formed on a substrate via an NiO primary layer. 
The plane (400) of the thin film is substantially orient- 
ed in parallel with the surface of the substrate and the 
spacing of the plane (400) is not more than 2.082 A. 

30 The molar ratio of Co to Fe in the thin film is not less 
than 0.01 and less than 0.10, preferably 0.015 to 
0.075, more preferably 0.02 to 0.06 and the coercive 
force of the thin film is less than 3000 Oe. 

Substantial orientation in the present invention is 

35 defined by the peak area ratio of each plane which is 
measured by an X-ray diffratometer. In the NiO pri- 
mary layer, substantial orientation means that the ra- 
tio of the peak area (S^j) of the plane (200) to the 
peak area (S (l11) ) of the plane (111) is not less than 2 

40 [S (2 66^S (111) S 2], and in the Co-containing •y-Fe 2 0 3 
layer, substantial orientation means that the ratio of 
the peak area (S (400) ) of the plane (400) to the peak 
area (S (311) ) of the plane (311) is not less than 2 
[S(4oo)/S (31 i) ^ 2]. In the monolayered Co-containing 

45 magnetite film or multilayered film composed of at 
least one unit which is the laminate of the magnetite 
layer and CoO layer, substantial orientation means 
that the ratio of the peak area (S (400> ) of the plane 
(400) to the peak area (S {311) ) of the plane (311 ) is not 

so less than 2 [S^o/S^t,) £ 2], and in the monolayered 
Co- and Mn-containing magnetite film or multilayered 
film composed of at least one unit which is the lamin- 
ate of the magnetite layer and oxide layer containing 
Co and Mn, substantial orientation means that the ra- 

55 tio of the peak area (S (400) ) of the plane (400) to the 
peak area (S {311) ) of the plane (311) is not less than 2 

[5(400^5(3! i) ) = 2]. 

In the present invention, the spacing of the plane 
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(400) in the Co-containing maghemite thin f ilm is not 
more than 2.082 A, preferably 2.065 to 2.082 A. The 
maghemite thin film of the present invention also in- 
cludes a thin film in which Fe^ in the magnetite which 
constitutes the monolayered film or multi layered film 5 
is completely oxidized into Fe 3 *, i.e., Y-Fe 2 0 3 , and a 
thin film in which a slight amount of Fe 2 * in the mag- 
netite remains. The more an oxygen partial pressure 
lowers at the formation of the monolayered film com- 
posed of Co-containing magnetite or the multi layered 10 
film comprising the magentite layer and CoO layer, 
the spacing of the plane (400) in the Co-containing 
maghemite thin film tends to become smaller. 

The terms of "Co-containing maghemite" and 
"Co-containing magnetite" in the present invention 15 
mean "maghemite containing Co compound" and 
"magnetite containing Co compound", respectively. 
The terms of "Co- and Mn-containing maghemite" and 
"Co- and Mn-containing magnetite" in the present in- 
vention mean "maghemite containing Co compound 20 
and Mn compound", and "magnetite containing Co 
compound and Mn compound", respectively. 

When the plane (400) of a magnetization film is 
not substantially oriented in parallel with the surface 
of the substrate, or when the spacing of the plane 25 
(400) of a magnetization film exceeds 2.082 A, the 
magnetization film may not constitute a perpendicu- 
lar magnetic film. If the molar ratio of Co to Fe is less 
than 0.01, A is difficult to produce a perpendicular 
magnetic film. In order to facilitate the production of 30 
a Co-containing maghemite thin film in which the 
plane (400) is substantially oriented in parallel with 
the surface of the substrate, the molar ratio of Co to 
Fe is preferably not less than 0.02. If the molar ratio 
of Co to Fe is not less than 0.10, the coercive force 35 
exceeds 3000 Oe. If the spacing of the plane (400) is 
less than 2.065, the coercive force sometimes ex- 
ceeds 3000 Oe. 

The squareness (compensated by a demagneti- 
zation coefficient) of the perpendicular magnetic thin 40 
film according to the present invention is not less than 
0.88, preferably not less than 0.92, more preferably 
not less than 0.94. 

The perpendicular magnetic thin film according 
to the present invention includes a Co-containing ma- 45 
ghemite thin film containing Mn. By incorporating Mn 
to the Co-containing maghemite thin film, it is possi- 
ble to obtain a perpendicular magnetic film having ex- 
cellent squareness (compensated by a demagnetiza- 
tion coefficient), especially a squareness of not less so 
than 0.92, preferably not less than 0.95. 

The Mn content is 0.07 to 0.30, preferably 0.10 to 
0.20 based on the Co content in molar ratio. If the mo- 
lar ratio of Mn to Co is less than 0.07, it is diff icult to 
improve the squareness of the perpendicular magnet- 55 
ic film. With consideration for a preferable square- 
ness, the upper limit of the molar ratio of Mn to Co is 
0.30. 



If the coercive force of a perpendicular magnetic 
f ilm of the present invention is more than 3000 Oe, it 
is impossible to prevent a magnetic saturation of a 
magnetic head-which is widely used at present. From 
the point of view of prevention of the magnetic satur- 
ation of a magnetic head, the coercive force is prefer- 
ably not more than 2500 Oe. 

A perpendicular magnetic film according to the 
present invention is obtained by annealing a mono- 
layered Co-containing magnetite film or a multi- 
layered film at 240 to 450°C. The multilayered film is 
composed of at least one unit formed on a substrate 
via an primary layer, one unit being a laminate of a 
ma gnetite [FeO x -Fe 2 Q 3 (0 < x g 1)] layer a nd a CoO 
Tayer, wherein the plane (400) ot the multilayered film 
is substantially oriented in parallel with the surface of 
the substrate, and the molar_ ratio of Co to Fe is not 
less than 0. 01 and less_tban 0.10. 
' A perpendicular magnetic film of the present in- 
vention may contain Mn in the Co-containing maghe- 
mite thin film, if necessary. In producing such a per- 
pendicular magnetic film, a multilayered film includ- 
ing oxide layer(s) containing Co and Mn in place of the 
CoO layer(s) is formed, and the multilayered film is 
annealed in the above-described way. 

The multilayered film comprising magnetite 
[FeO x Fe 2 0 3 (0 < x ^ 1)] layers and CoO layers or ox- 
ide layer containing Co and Mn in the present inven- 
tion can be produced by any of a reactive sputtering 
method in which metal targets (Fe target plus Co tar- 
get, or Co target and Mn target) are sputtered in an 
oxidizing atmosphere, a direct method in which an 
oxidized film is directly formed from a sintered target 
of magnetite [FeQ x .Fe 2 0 3 (0 < x si 1)] and a sintered I 
target of an oxide which contains Co or Co and Mn, I 
and a reactive evaporation method in which metals I 
(metals or alloys composed of Fe and Co or of Fe, Co J 
and Mn) are evaporated in an oxidizing atmosphere. 
In the reactive sputtering method, by elevating an 
oxygen partial pressure the multilayered film can be 
produced at a higher deposition rate- 
In a multilayered film according to the present in- 
vention, the molar ratio of Co to Fe in the multilayered 
film is not less than 0.01 and less than 0.10. It is im- 
possible to obtain a perpendicular magnetic film 
aimed at in the present invention by using a multi- 
layered film in which the molar ratio of Co to Fe is less 
than 0.01 or not less than 0.10. 

Since a multilayered film of the present invention 
is epitaxially grown on an NiO primary layer, it is pos- 
sible to make the plane (400) to substantially orient in 
parallel with the surface of the substrate even if the 
thickness of one unit is not less than 130 A, thereby 
reducing the number of times of lamination, which is 
advantageous from the point of view of industry and 
economy. 

It has been confirmed by experiments that it is 
necessary to reduce the thickness of one unit to not 
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more than 1 30 A in order to produce a perpendicular 
magnetic film when there is disposed no NiO primary 
layer. 

As seen from the above, the perpendicular mag- 
netic film according to the present invention can be s 
produced by (i) a method of forming a mult (layered 
film composed of at least one unit on a substrate via 
an NiO primary layer, one unit being a laminate com- 
posed of the magnetite layer and CoO layer, the plane 
(400) of the multilayered film being substantially ori- 10 
ented in parallel with the surface of the substrate and 
the molar ratio of Co to Fe in the multilayered film be- 
ing not less than 0.01 and less than 0.10, and anneal- 
ing the obtained multilayered film at a temperature of 
240 to 450°C; or (ii) a method of forming a monor 15 
layered Co-containing magnetite film on a substrate 
via an NiO primary layer, the plane (400) of the mono- 
layered film being substantially oriented in parallel 
with the surface of the substrate and the molar ratio 
of Co to Fe in the monolayered film being not less 20 
than 0.01 and less than 0.10, and annealing the ob- 
tained monolayered film at a temperature of 240 to 
450°C. The method of producing the perpendicular 
magnetic film from the multilayered film is preferred 
because each growth of magnetite and CoO is not 25 
suppressed each other and can be independently 
conducted, thereby making easily the plane (400) to 
substantially orient in parallel with the surface of the 
substrate. 

In the multilayered film according to the present 30 
invention, one unit is a laminate obtained by epitax- 
ially growing on the NiO primary layer the magnetite 
[FeOx.Fe 2 0 3 (O < x ^ 1 )] layer and the CoO layer in 
order, or the CoO layer and the magnetite 
[ FeO x Fe 2 Q 3 (0<xS1)] layer in order. The thickness 35 
of one unit is not specified. For example, it has been 
confirmed that when the thickness of one unit is 1 500 
A, the desired perpendicular magnetic film was pro- 
duced. 

Further, the number of units is not specified. The 40 
number of units is decided so as to produce a perpen- 
dicular magnetic film having a desired thickness 
since the thickness of the perpendicular magnetic 
film according to the present invention is 500 to 3000 
A. For^xampleJn_a_perpendicular_maQnetic.tilm hav^. 45 
£iQ 1500. A in.triickne.ss. when the thickness of one 
unit is 1500 A the number of unit is one, and also, 
when the thickness of one unit is 750 A, the number 
of unit is two. 

By the way, in European Patent No. 0 586 142 A1 so 
discloses that when the annealing temperature is low- 
er than 280°C, the transformation of Fe 3 0 4 into y- 
Fe 2 0 3 or the diffusion of Co is insufficient, and when 
the thickness of on unit exceeds 800 A, the diffusion 
of Co is insufficient. 55 

On the other hand, since the molar ratio of Co to 
Fe in the multilayered film according to the present in- 
vention is tow so that Co is easily diffused into y- 



Fe 2 0 3 , even if the annealing temperature is lower 
than 280°C and/or the thickness of one unit is more 
than 800 A, the desired perpendicular magnetic film 
can be produced. 

In the case of forming an oxide layer containing 
Co and Mn in the present invention, it can be pro- 
duced by any of a reactive sputtering method in which 
a metal target (Co target and Mn target, Co-Mn alloy 
target, or Co and Mn composite target) is sputtered in 
an oxidizing atmosphere, a method in which an oxi- 
dized film is formed from a sintered target of an oxide 
containing Co and Mn, and a reactive evaporation 
method in which metals (metals or alloys composed 
of Co and Mn) are evaporated in an oxidizing atmos- 
phere. 

The annealing temperature of the monolayered 
film or multilayered film of the present invention is 
240. to 450°C. If the annealing temperature is lower 
than 240°C, the oxidation of the magnetite 
[FeO x Fe 2 Q 3 (0 < x ^ 1)], i.e., the transformation of 
Fe 3 0 4 into y-Fe 2 0 3 or the diffusion of Co and Mn in 
the maghemite thin film is insufficient for obtaining a 
perpendicular magnetic film of the present invention. 
If the annealing temperature exceeds 450°C, the 
transformation of y-Fe 2 0 3 into a-Fe 2 0 3 begins to be 
caused so that it is impossible to produce a perpen- 
dicular magnetic film aimed at in the present inven- 
tion. 

In annealing, the transformation temperature for 
oxidizing the magnetite [FeO x Fe 2 Q 3 (0 < x m 1)], i.e., 
transforming Fe 3 0 4 into y-Fe 2 0 3 is lowered by adding 
Cu to the film, as described in, for example, Japanese 
Patent Application Laid-Open (KOKAI) No. 57-54309 
(1982) . It is possible to produce a similar effect by 
adopting this method in the present invention. An- 
nealing may be carried out in two stages: the magne- 
tite [FeO,Fe 2 0 3 (0 < x £ 1)] is first oxidized (Fe 3 0 4 is 
first transformed into y-Fe 2 0 3 ) at 200 to 320°C, and 
Co and Mn are then diffused at 240 to 450°C. In this 
case, it is possible to suppress the production of a 
crack which is likely to be caused during the oxidation 
of the magnetite (transformation of Fe 3 0 4 into y- 
Fe 2 0 3 ). 

The thickness of the NiO primary layer in the 
present invention is preferably 800 to 3000 A, more 
preferably 1200 to 2400 A. 

The NiO primary layer can be produced by any of 
a reactive sputtering method in which a metal (Ni) tar- 
get is sputtered in an oxidizing atmosphere, a method 
in which an oxidized film is formed from a sintered tar- 
get of an oxide containing Ni, and a reactive evapor- 
ation method in which a metal (Ni) is evaporated in an 
oxidizing atmosphere, to a substrate maintained at a 
temperature of not more than 100°C, preferably a low 
temperature within the above-mentioned range. If the 
temperature exceeds 100°C, the plane (200) is un- 
likely oriented in parallel with the surface of the sub- 
strate. 
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As the material of the substrate in the present in- 
vention, generally used materials such as glass are 
usable. 

, What is the most important in the present inven- 
tion is that the perpendicular magnetic film of the 
present invention is produced by annealing (i) a mul- 
ti layered film composed of at least one unit and 
formed on a substrate via an NiO primary layer, one 
unit being a laminate of a magnetite [ Fe0 x -Fe 2 O 3 (0 
< x Si)] layer and a CoO layer, in which the plane 
(400) is substantially oriented in parallel with the sur- 
face of the substrate and the molar ration of Co to Fe 
is not less than 0.01 and less than 0.1 0, or (ii) a mono- 
layered Co-containing magnetite film formed on a 
substrate via an NiO primary layer, the molar ration 
of Co to Fe is not less than 0.01 and less than 0.10, 
and that in the perpendicular magnetic film obtained 
in this manner, the plane (400) is substantially orient- 
ed in parallel with the surface of the substrate, the 
spacing of the plane (400) is not more than 2.082 A 
and the coercive force is appropriate for preventing a 
magnetic saturation of a magnetic head which Is 
widely used at present, particularly, less than 3000 
Oe. 

The perpendicular magnetic film of the present 
invention has a large perpendicular anisotropy, in 
spite of using an NiO primary layer. It is considered 
that this is because the spacing of the plane (400) of 
the Co-containing maghemite thin f ilm, which is not 
more than 2.08 A, is smaller than the spacing of the 
NiO primary layer, which is 2.09 A. 

The perpendicular magnetic film of the present 
invention has an appropriate coercive force, especial- 
ly, a coercive force of less than 3000 Oe because it 
is formed on the NiO primary layer in which the plane 
(200) is substantially oriented in parallel with the sur- 
face of the substrate. 

When the transformation of Fe 3 0 4 into y-Fe 2 O s by 
annealing treatment at a temperature of 240 to 450°C 
according to the present invention, the crystalline 
form therebetween is hardly changed. Namely the 
Fe 3 0 4 crystal. is a cubic spinel having a lattice con- 
stant of 8.3967 A (refer to National Bureau of Stan- 
dards Monograph 25, Soc. 5. 31, 1967) and the crys- 
tal y-Fe 2 0 3 is also cubic spinel having a lattice con- 
stant of 8.350 A (refer to Haul and Shoon, Z. Phys. 
Chemie. 44, 216 26, 1939). In the cubic crystalline 
form, since the plane (400) is equivalent to each of 
plane (040) and plane (004), the peak of each plane 
is shown at the same position in X-ray diffraction 
spectrum. Accordingly, in the present invention, 
these planes are correctively defined as "plane 
(400)". Further, since the NiO crystal is a cubic crys- 
talline form, the plane (200) is equivalent to each of 
plane (020) and plane (002), and the peak of each 
plane is shown at the same position in X-ray diffrac- 
tion spectrum. Accordingly, in the present invention, 
these planes are correctively defined as "plane 



(200)". 

That the small spacing of the perpendicular mag- 
netic film of the present invention is caused not by the 
shrinkage or the like of the substrate but due to the 

5 film itself, has been confirmed from the fact that the 
spacing of the film produced by transforming a mono- 
layer Fe 3 0 4 film (2000 A in thickness) in which the 
plane (222) is oriented in parallel with the same glass 
substrate as that of the perpendicular magnetic film 

w of the present invention into a Tr-Fe 2 0 3 film was 2.407 
A, which is approximately the same as 2.408 A of the 
bulk value. 

Since a multilayered film of the present invention 
is formed on the NiO primary layer in which the plane 
15 (200) is substantially oriented in parallel with the sur- 
face of the substrate, it is possible to increase the 
thickness of one unit of the multilayered film. It is con- 
sidered to be because the crystalline of the magnetite 
layer and the CoO layer or the oxide layer containing 
20 Co and Mn epitaxial ly grows on the primary layer. 

With respect to the magnetic characteristics of a 
perpendicular magnetic film of the present invention, 
the coercive force is less than 3000 Oe, preferably 
1 000 to 2500 Oe; the saturation magnetization is not 
25 less than 280 emu/cm 3 , preferably not less than 300 
emu/cm 3 , more preferably not less than 31 0 emu/cm 3 ; 
the squareness is not less than 0.33, preferably not 
less than 0.40; the squareness compensated by a de- 
magnetization coeff icient is not less than 0.88, pre- 
30 ferably not less than 0.92, more preferably not less 
than 0.94; and the perpendicular anisotropic magnet- 
ic field is not less than 5000 Oe, preferably not less 
than 6000 Oe. 

As described above, a perpendicular magnetic 
35 film according to the present invention has an excel- 
lent oxidation resistance and an excellent corrosion 
resistance because it is an oxide, and it has an appro- 
priate coercive force, especially a coercive force of 
not less than 3000 Oe and a large squareness (value 
40 compensated by a demagnetization coefficient). A 
perpendicular magnetic film of the present invention 
is therefore suitable as a magnetic recording medium 
for high-density recording. 

In addition, according to a process for producing 
45 a magnetic recording medium of the present inven- 
tion, since it is possible to make the thickness of one 
unit of a multilayered film large, it is greatly advanta- 
geous from the point of view of industry and econo- 
my. 

50 

EXAMPLES 

The present invention will be explained in more 
detail hereinafter with reference to the following ex- 
55 amples and comparative examples. 

In the following examples and comparative exam- 
ples, the magnetic characteristics were measured by 
using "Vibrating Sample Magnetometer VSM-3S- 



13 



EP 0 673 021 A1 



14 



15"(manufactured by Toei Kogyo Co., Ltd.). 

The X-ray diffraction spectrum of a perpendicu- 
lar magnetic thin film was measured by an X-ray dif- 
fraction apparatus RAD- 2A (manufactured by Rigaku 
Denki Kogyo Co., Ltd.) under the conditions that lamp 
used: Fe, phase voltage: 40 kV, phase current 20 mA, 
goniometer wide angle goniometer, sampling width: 
0.010°, scanning speed: 1.000°/min, divergence slit: 
1°, scattering slit: 1°, light receiving slit: 0.30 mm, and 
diffraction angle (26): 40.00° to 60.00°. 

In the X-ray diffraction spectrum of a perpendic- 
ular magnetic thin film of the present invention which 
is composed of an NiO primary layer and a Co-con- 
taining y-Fe 2 0 3 film, since the position of the peak of 
the plane (400) of Co-containing y-Fe 2 0 3 and the pos- 
ition of the peak of the plane (200) of NiO are very 
close, these two peaks overlap each other. In order 
to obtain the peak area of the plane (400) of Co-con- 
taining y-Fe 2 0 3 , it is therefore necessary to subtract 
the peak area of the plane (200) of NiO from the peak 
area including the plane (400) of Co-containing y- 
Fe 2 0 3 and the plane (200) of NiO. 

The peak area of the, plane (200) of NiO was ob- 
tained by the following two methods, and approxi- 
mately the same value was obtained by these meth- 
ods. 

Method 1 



The peak area of the plane (200) of NiO was ob- 
tained by measuring the NiO film by X-ray diff racto- 
metry at the point of time when it was formed on the 
substrate. 

Method 2 

After the perpendicular magnetic thin film com- 
posed of an NiO primary layer and Co-containing y- 
Fe 2 0 3 layer was immersed in a concentrated hydro- 
chloric acid at 80° C for 30 seconds, it was taken out, 
washed with water and dried. Since NiO is difficult to 
solve in a concentrated hydrochloric acid as com- 
pared with Co-containing y-Fe 2 0 3 , it is possible to re- 
move only Co-containing y-Fe 2 0 3 by this treatment. 
The X-ray diffraction spectrum of the thus-obtained 
film was measured and the peak area of the plane 
(200) of NiO was obtained. 

The spacing of the plane (400) of Co-containing 
y-Fe 2 0 3 layer was obtained by the following method. 
The X-ray diffraction spectrum of the NiO primary 
layer was first measured by the above-described 
method, and the X-ray diffraction spectrum of Co- 
containing y-Fe 2 0 3 layer was then obtained by remov- 
ing the X-ray diffraction spectrum of the NiO primary 
layer from the X-ray diffraction spectrum of the per- 
pendicular magnetic film of the present invention by 
computation using a processor (produced by RINT). 
The spacing of the plane (400) of Co-containing y- 



Fe 2 0 3 layer was obtained from the peak position of 
the plane (400) of the thus-obtained X-ray diffraction 
spectrum of Co-containing y-Fe 2 0 3 layer. It is possi- 
ble to obtain the peak area of the plane (400) of Co- 
5 containing y-Fe 2 0 3 layer from the X-ray diffraction 
spectrum thereof obtained by this method. 

Example 1 

10 In a high-frequency high-rate sputtering device 

SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 

15 atmosphere of argon and oxygen under an oxygen 
partial pressure of 0.11 mTorrand the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a ^CJ^ype^p^lra having a thickness of 
1 000 A as a primary layer. 

20 As a result of measurement of the NiO film by X- 

ray diffractometry, it was found that the ratio 
[S( 2 oo/S (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 5, and that the 
plane (200) was substantially oriented in parallel with 

25 the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 158 A and an NaCI-type CoO film having a 
thickness of 2 A (the molar ratio of Co to Fe was 0.02) 
were formed on the primary layer at 200°C as cne unit 

30 of a multilayered film. That is, the thickness of one 
unit was 160 A. These operations were alternately re- 
peated 24 times to obtain a laminated film composed 
of 12 Fe 3 0 4 layers and 12 CoO layers. 

As a result of measurement of the multilayered 

35 film by X-ray diffractometry, it was found that the ra- 
tio [S (400) /S (311) ] of the peak area of the plane (400) 
and the peak area of the plane (311) was 8, and that 
the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 

40 The multilayered film was annealed in the air at 

330°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having an NiO film as an primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 film obtained, it was found that the ra- 

45 tio [S^oo/Son,] of the peak area of the plane (400) 
and the peak area of the plane (311) was 5, that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate, and that the spacing of 
the plane (400) was 2.075 A. As a result of observa- 

50 tion of the magnetization curve of the Co-containing 
y-Fe 2 0 3 film, it was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 340 emu/cm 3 , t he coercive force wbs 

55 1150 Og , the squareness was 0.37 (the value com- 
pensated by a demagnetization coefficient was 0.92), 
and the perpendicular anisotropic magnetic field was 
5200 Oe. Thus, the Co-containing y-Fe 2 0 3 film 
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proved to be a favorable perpendicular magnetic film. 



Example 2 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 
atmosphere of argon and oxygen under an oxygen 
partial pressure of 0.11 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a NaCl-tvpe NiO fi lm having a thickness of 
2000 A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry, it was found that the ratio 

[s ( ws (ni nl of tne P eak area of the p,an ® (200) and 

the peak area of the plane (111) was 20, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe^O. film having a thickness^ 
of 400 A an d a NaCI-type CoO film having a thickness 
oT8 A (the molar ratio of Co to Fe was 0.03) were 
formed on the primary layer at 200°C as one unit of 
a — .im-Y^ri film That is. the thickness of one unit 
was 408 A. T hese operations were alternately repeat- 
ed 12 time's to obtain a laminated film composed of 6 
Fe 3 0 4 layers and 6 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S ( WSpii>! °f the peak area of the plane (400) and 
the peak area of the plane (311) was 8, and that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate. 

The multilayered film was annealed in the air at 
330°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 f ilm obtained, it was found that the ra- 
tio [S^oo/Spn,! of the peak area of the plane (400) and 
the peak area of the plane (311 ) was 5, that the plane 
(400) was substantially oriented in parallel with the 
surface of the substrate, and that the spacing of the 
plane (400) was 2.072 A. As a result of observation 
of the magnetization curve of the Co-containing y- 
Fe 2 0 3 f ilm, it was recognized as a perpendicular mag- 
netic film. As to the magnetic characteristics of the 
perpendicular magnetic film, the saturation magneti- 
zation was 335 emu/cm 3 , the f OfTmiYe force was 2Q00 
Qfi^the squareness was 0.65 (the value compensat- 
*"ed by a demagnetization coefficient was 0.93), and 
the perpendicular anisotropic magnetic field was 
7800 Oe. Thus, the Co-containing y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

Example 3 

In a high-frequency high-rate sputtering device 



SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 
5 atmosphere of argon and oxygen under an oxygen 
partial pressure of 0.11 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a NaCI-type NiO film having a thickness of 
2000 A as a primary layer. 
10 As a result of measurement of the NiO film by X- 

ray diffractometry, it was found that the ratio 
[SpooAni)] of the peak area of the plane (200) and 
the peak area of the plane (111) was 10, and that the 
plane (200) was substantially oriented in parallel with 
15 the surface of the substrate in the NiO film. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 300 A and a NaCI-type CoO film having a 
thickness of 14 A (the molar ratio of Co to Fe was 
0 07) were formed on the primary layer at 200°C as 
20 one unit of a multilayered film. That is, the thickness 
of one unit was 314 A. These operations were alter- 
nately repeated 8 times to obtain a laminated film 
composed of 4 Fe 3 0 4 layers and 4 CoO layers. 

As a result of measurement of the multilayered 
25 film by X-ray diffractometry, it was found that the ra- 
tio [S (40 o/ s (3ii>) of tne P eak area of the P ' ane (4 ° 0) 
and the peak area of the plane (311) was 14, and that 
the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 
30 The multilayered film was annealed in the air at 

350°C for 2 hours so as to produce a Co-containing 
Y -Fe 2 0 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 f ilm obtained, it was found that the ra- 

35 tio [S (40 o/S (3n1) ] of tne P eak area ° f the P ' ane (4 ° 0> 
and the peak area of the plane (311) was 10. that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate, and that the spacing of 
the plane (400) was 2.082 A. As a result of observa- 
40 tion of the magnetization curve of the Co-containing 
y-Fe 2 0 3 film, it was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 325 emu/cm 3 , the coercive force was 
45 2900 Oe t the squareness was 0.80 (the value com- 
pensated by a demagnetization coefficient was 0.94). 
and the perpendicular anisotropic magnetic f ield was 
10000 Oe. Thus, the Co-containing y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

50 

Example 4 

In a high-frequency high-rate sputtering device 
SH-250-T06 (manufactured by Ulvac Corp.), a glass 
55 substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 
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pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- s 
ray diffractometry, it was found that the ratio 
lS{2oo>/S (111> ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 10, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 7 o 

Thereafter, a spinel Fe 3 0 4 film having a thickness 
of 260 A and an oxide film containing Co andMn (the 
molar ratio of Mn to Co was 0.24) having a thickness 
of 4 A (the molar ratio of Co to Fe was 0.02) were 
formed on the primary layer at 200°C as one unit of is 
a multilayered film. That is, the thickness of one unit 
was 264 A, and the molar ratio of Co to Fe was 0.02. 
These operations were alternately repeated 20 times 
to obtain a laminated film composed of 10 Fe 3 0 4 lay- 
ers each having a thickness of 260 A and 10 oxide lay- 20 
ers containing Co and Mn each having a thickness of 
4 A. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S (40 o/S (311) ] of the peak area of the plane (400) and 25 
the peak area of the plane (311) was 6, and that the 
plane (400) was substantially oriented.in parallel with 
the surface of the substrate. 

The multilayered film was annealed in the air at 
350°C for 1 hour so as to produce a Co- and Mn-con- 30 
taining y-Fe 2 0 3 film having a NiO film as a primary 
layer. 

As a result of the X-ray diffraction of the Co- and 
Mn-containing y-Fe 2 0 3 film obtained, it was found 
that the ratio [S {4O0) /S (311) ] of the peak area of the plane 35 
(400) and the peak area of the plane (311) was 4, that 
the plane (400) was substantially oriented in parallel 
with the surface of the substrate, and that the spacing 
of the plane (400) was 2.072 A. As a result of obser- 
vation of the magnetization curve of the Co- and Mn- 40 
containing y-Fe 2 0 3 film, it was recognized as a per- 
pendicular magnetic film. As to the magnetic charac- 
teristics of the perpendicular magnetic film, the sat- 
uration magnetization was 330 emu/cm 3 , the coercive 
force was 1450 Oe, the squareness was 0.47 (the val- 45 
ue compensated by a demagnetization coefficient 
was 0.95), and the perpendicular anisotropic magnet- 
ic field was 6200 Oe. Thus, the Co- and Mn-contain- 
ing y-Fe 2 0 3 film proved to be. a favorable perpendic- 
ular magnetic film. 50 

Example 5 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Ulvac Corp.), a 55 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 



atmosphere of argon and oxygen under an oxygen 
partial pressure of 0.11 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a NaCI-type NiO film having a thickness of 
1 000 A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry, it was found that the ratio 
[S^oo/Sou)] of the peak area of the plane (200) and 
the peak area of the plane (111) was 4, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 300 A and an oxide film containing Co and Mn 
(the molar ratio of Mn to Co was 0.1 0) having a thick- 
ness of 4 A (the molar ratio of Co to Fe was 0.02) were 
formed on the primary layer at 200°C as one unit of 
a multilayered film. That is, the thickness of one unit 
was 304 A, and the molar ratio of Co to Fe was 0.02. 
These operations were alternately repeated 20 times 
to obtain a laminated film composed of 10 Fe 3 0 4 lay- 
ers each having a thickness of 300 A and 1 0 oxide lay- 
ers containing Co and Mn each having a thickness of 
4 A. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S {400> /S (311) ] of the peak area of the plane (400) 
and the peak area of the plane (311) was 9, and that 
the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 

The multilayered film was annealed in the air at 
350°C for 1 hour so as to produce a Co- and Mn-con- 
taining y-Fe 2 0 3 film having an NiO film as a primary 
layer. 

As a result of the X-ray diffraction of the Co- and 
Mn-containing y-Fe 2 0 3 film obtained, it was found 
that the ratio IS (400> /S (311) ] of the peak area of the 
plane (400) and the peak area of the plane (311) was 
7, that the plane (400) was substantially oriented in 
parallel with the surface of the substrate, and that the 
spacing of the plane (400) was 2.069 A. As a result of 
observation of the magnetization curve of the Co- 
and Mn-containing y-Fe 2 0 3 film, it was recognized as 
a perpendicular magnetic film. As to the magnetic 
characteristics of the perpendicular magnetic film, 
the saturation magnetization was 335 emu/cm 3 , the 
coercive force was 1500 Oe, the squareness was 
0.49 (the value compensated by a demagnetization 
coefficient was 0.96), and the perpendicular aniso- 
tropic magnetic field was 61 00 Oe. Thus, the Co-con- 
taining y-Fe 2 0 3 film proved to be a favorable perpen- 
dicular magnetic film. 

Reference Example 1 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from an Fe target and the substrate temperature was 
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held at 200°C. Reactive sputtering was first carried 
out by using the Fe target in an atmosphere of argon 
and oxygen under an oxygen partial pressure of 0.11 
mTorr and the total pressure of 5 mTorr at a deposition 
rate of 40 A/min, thereby forming a spinel Fe 3 0 4 layer 
on the glass substrate to a thickness of 62 A as a first 
layer. 

The shutter was next rotated to form a NaCI-type 
CoO film to a thickness of 4 A as a second layer by 
sputtering the Co target at a deposition rate of 42 
A/min. 

The first layer and the second layer constituted 
one unit having a thickness of 66 A. The molar ratio 
of Co to Fe in the unit was 0.09. These operations 
were alternately repeated 100 times to obtain a lam- 
inated f ilm composed of 50 Fe 3 0 4 layers and 50 CoO 
layers. 

As a result of measurement of the multi layered 
f ilm by X-ray diffractometry, it was found that the ra- 
tio [S,4oo/S<3iid of the peak area of the plane (400) and 
the peak area of the plane (311 ) was 5, that the plane 
(400) was substantially oriented in parallel with the 
surface of the substrate. 

The multi layered film obtained was annealed in 
the air at 350°C for 2 hours so as to produce a Co-con- 
taining y-Fe 2 0 3 film. 

As a result of measurement of the Co-containing 
7- Fe 2 0 3 film obtained by X-ray diffractometry, it was 
found that the plane (400) was substantially oriented 
in parallel with the surface of the substrate and that 
the spacing of the plane (400) was 2.077 A. When the 
magnetization curve of the Co-containing y-Fe 2 0 3 . 
film was observed, it was recognized as a perpendic- 
ular magnetic f ilm. With respect to the magnetic char- 
acteristics of the perpendicular magnetic film, the sat- 
uration magnetization was 340 emu/cm^, the coercive 
force was 5300 Oe, and the squareness was 0.81 (the 
value compensated by a demagnetization coefficient 
was 0.91). Thus, the Co-containing Y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

Comparative Example 1 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 
atmosphere of argon and oxygen under an oxygen 
partial pressure of 0.11 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a NaCI-type NiO film having a thickness of 
2000 A as a primary layer. 

As a result of measurement of the NiO f ilm by X- 
ray diffractometry, it was found that the plane (200) 
was substantially oriented in parallel with the surface 
of the substrate. 

A cobalt ferrite monolayer film was formed on the 



NiO film to a thickness of 0.17 urn at a temperature 
of400°C. 

As a result of measurement of the cobalt ferrite 
film obtained by X-ray diffractometry, it was found 

5 that the plane (400) was substantially oriented in par- 
allel with the surface of the substrate and that the 
spacing of the plane (400) was 2.106 A. With respect 
to the magnetic characteristics of the cobalt ferrite 
film, the saturation magnetization was 260 emu/cm 3 , 

10 the coercive force was 1500 Oe, the squareness was 
0.30 (the value compensated by a demagnetization 
coefficient was 0.84), and the perpendicular aniso- 
tropic magnetic field was 4000 Oe. 

15 Example 6 

In a high-frequency high-rate sputtering device 
SH-250-T06 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
20 a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxvqen under an oxygen partial 
pressure of 0,11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby for m- 
25 ing a NaCI-type NiO film having a thickness of 1 000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry, it was found that the ratio 
[S( 20 o)/S (1in) ] of the peak area of the plane (200) and 
30 the peak area of the plane (111) was 6, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 280 A and an NaCI-type CoO film having a 
35 thickness of 4 A (the molar ratio of Co to Fe was 
0.023) were formed on the primary layer at 200°C as 
one unit of a multilayered film. That is, the thickness 
of one unit was 284 A. These operations were alter- 
nately repeated 6 times to obtain a laminated film 
40 composed of 3 Fe 3 0 4 layers and 3 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S (40 o)/S ( 3,i>] of the peak area of the plane (400) 
and the peak area of the plane (311) was 4. and that 
45 the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 

The multilayered film was annealed in the air at 
330°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as a primary layer, 
so As a result of the X-ray diffraction of the Co-con- 

taining r-Fe 2 0 3 film obtained, it was found that the ra- 
tio [S ( WS(3iiJ o f tne P eak area of the plane (400) 
and the peak area of the plane (311) was 3, that the 
plane (400) was substantially oriented in parallel with 
55 the surface of the substrate, and that the spacing of 
the plane (400) was 2.070 A. As a result of observa- 
tion of the magnetization curve of the Co-containing 
Y-Fe 2 0 3 film, it was recognized as a perpendicular 
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magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 330 emu/cm 3 , the coercive force was 
2980 Oe, the squareness was 0.79 (the value com- 
pensated by a demagnetization coefficient was 0.90), s 
and the perpendicular anisotropic magnetic field was 
11000 Oe. Thus, the Co-containing y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

Comparative Example 2 10 

In a high-frequency high-rate sputtering device 
SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from an Ni target, and reactive sputtering was carried 15 
out at a temperature of 1 20°C by using the Ni target 
in an atmosphere of argon and oxygen under an oxy- 
gen partial pressure of 0.11 mTorr and the total pres- 
sure of 5 mTorr at a deposition rate of 40 A/min, there- 
by forming a NaCI-type NiO film having 1000 A as a 20 
primary layer. 

As a result of measurement of the NiO film by X- 
ray diff ractometry, it was found that the ratio 
[ S (2oo/S (11l) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 1 . 25 

Thereafter, a spinel Fe 3 0 4 f ilm having a thickness 
of 158 A and a NaCI-type CoO film having a thickness 
of 2 A (the molar ratio of Co to Fe was 0.02) were 
formed on the primary layer at 200°C as one unit of 
a multilayered film. That is, the thickness of one unit 30 
was 160 A. These operations were alternately repeat- 
ed 16 times to obtain a laminated film composed of 8 
Fe 3 0 4 layers and 8 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diff ractometry, it was found that the ra- 35 
tio [S (40 oA3ii>] of the peak area of the plane (400) and 
the peak area of the plane (311) was 1.5. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 film obtained, it was found that the ra- 
tio [S (40 o/S (3in> ] of the peak area of the plane (400) and so 
the peak area of the plane (311) was 1, and that the 
spacing of the plane (400) was 2.075 A. When the 
magnetization curve of the Co-containing y-Fe 2 0 3 
film, both the coercive force and the residual magne- 
tization were larger in the plane, so that it was not rec- 45 
ognized as a perpendicular magnetic film. 

Comparative Example 3 

In a high-frequency high-rate sputtering device 50 
SH-250H-T06 (manufactured by Ulvac Corp.), a 
glass substrate was placed with a distance of 80 mm 
from a Ni target, and reactive sputtering was carried 
out at room temperature by using the Ni target in an 
atmosphere of argon and oxygen under an oxygen 55 
partial pressure of 0.10 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 
forming a NaCI-type NiO film having a thickness of 



1 000 A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diff ractometry, it was found that the ratio 
[S(2oo>/S (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 8, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 240 A and a NaCI-type CoO film having a 
thickness of 2 A (the molar ratio of Co to Fe was 
0.015) were formed on the primary layer at 200°C as 
one unit of a multilayered film. That is, the thickness 
of one unit was 242 A. These operations were alter- 
nately repeated 10 times to obtain a laminated film 
composed of 5 Fe 3 0 4 layers and 5 CoO layers. 

The multilayered film was annealed in the air at 
330°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining yrFe 2 0 3 film obtained, it was found that the ra- 
tio [S (400 /S (311> J of the peak area of the plane (400) 
and the peak area of the plane (311) was 5, that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate, and that the spacing of 
the plane (400) was 2.064 A. As a result of observa- 
tion of the magnetization curve of the Co-containing 
y-Fe 2 0 3 film, it was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 330 emu/cm 3 , the coercive force was 
3300 Oe, the squareness was 0.82 (the value com- 
pensated by a demagnetization coefficient was 0.92), 
and the perpendicular anisotropic magnetic field was 
11000 Oe. 

Example 7 

In a high-frequency high-rate sputtering device 
SH-250-T06 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by usinq the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diff ractometry, it was found that the ratio' 
[S ( 2oo)/S (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 20, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 300 A and a NaCI-type CoO film having a 
thickness of 4 A (the molar ratio of Co to Fe was 0.02) 
were formed on the primary layer at 200°C as one unit 
of a multilayered film. That is, the thickness of one 
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unit was 304 A. These operations were alternately re- 
peated 8 times to obtain a laminated film composed 
of 4 Fe 3 0 4 layers and 4 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the 
peak area of the plane (400) was appeared only, but 
the peak area of the plane (311) was not appeared, 
i.e., was zero, and that the plane (400) was substan- 
tially oriented in parallel with the surface of the sub- 
strate. 

The multilayered f ilm was annealed in the air at 
300°C for 2 hours so as to produce a Co-containing 
Y -Fe 2 0 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining -y-Fe 2 0 3 film obtained, it was found that the 
peak area of the plane (400) was appeared only, but 
the peak area of the plane (311) was not appeared, 
that the plane (400) was substantially oriented in par- 
allel with the surface of the substrate, and that the 
spacing of the plane (400) was 2.072 A. As a result of 
observation of the magnetization curve of the Co- 
containing r-Fe 2 0 3 film, it was recognized as a per- 
pendicular magnetic f ilm. As to the magnetic charac- 
teristics of the perpendicular magnetic f ilm, the sat- 
uration magnetization was 330 emu/cm^, the coercive 
force was 1 700 Oe, the squareness was 0.56 (the val- 
ue compensated by a demagnetization coefficient 
was 0.95), and the perpendicular anisotropic magnet- 
icf ield was 7000 Oe. Thus, the Co-containing y-Fe 2 0 3 
film proved to be a favorable perpendicular magnetic 
film. . 

Example 8 

In a high-frequency high-rate sputtering device 
SH-250-T06 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry. it was found that the peak area of 
the plane (200) was appeared only, but the peak area 
of the plane (111) was not appeared, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 f ilm having a thickness 
of 1300 A and a NaCI-type CoO film having a thick- 
ness of 16 A (the molar ratio of Co to Fe was 0.018) 
were formed on the primary layer at 200°C as one unit 
of a multilayered film. That is, the thickness of one 
unit was 1316 A. These operations were alternately 
repeated 2 times to obtain a laminated film composed 
of one Fe 3 0 4 layers and one CoO layers. 



As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S t WS ( 3ii>] of the peak area of the plane (400) 
and the peak area of the plane (311) was 9, and that 

5 the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 

The multilayered film was annealed in the air at 
330°C for 2 hours so as to produce a Co-containing 
y -Fe 2 0 3 film having a NiO film as a primary layer. 

10 1 As a result of the X-ray diffraction of the Co-con- 

taining y-Fe 2 0 3 film obtained, it was found that the ra- 
tio is ( ws (3ni >) ° f the P eak area of the p L an( r ( *° 0) 

and the peak area of the plane (311) was 6, that the 
plane (400) was substantially oriented in parallel with 

7 5 the surface of the substrate, and that the spacing of 
the plane (400) was 2.072 A. As a result of observa- 
tion of the magnetization curve of the Co-containing 
y-Fe 2 0 3 film, it was recognized as a perpendicular 
magnetic f ilm. As to the magnetic characteristics of 

20 the perpendicular magnetic film, the saturation mag- 
netization was 330 emu/cm*, the coercive force was 
1620 Oe, the squareness was 0.55 (the value com- 
pensated by a demagnetization coeff icient was 0.92), 
and the perpendicular anisotropic magnetic field was 

25 6800 Oe. Thus, the Co-containing Y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

Example 9 

30 In a high-frequency high-rate sputtering device 

SH-250-T06 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
35 phere of argon and oxyqen under an oxygen partial 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 
40 As a result of measurement of the NiO film by X- 

ray diffractometry, it was found that the ratio 
[S t WS (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 40, and that the 
plane (200) was substantially oriented in parallel with 
45 the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 80 Aand a NaCI-type CoO film having a thick- 
ness of 1 A (the molar ratio of Co to Fe was 0.02) were 
formed on the primary layer at 200°C as one unit of 
so a multilayered film. That is, the thickness of one unit 
was 81 A. These operations were alternately repeat- 
ed 20 times to obtain a laminated film composed of 
10 Fe 3 0 4 layers and 10 CoO layers. 

As a result of measurement of the multilayered 
55 f ilm by X-ray diffractometry, it was found that the ra- 
tio [S t WS(3ii>l of the peak area of the plane (400) 
and the peak area of the plane (311) was 10, and that 
the plane (400) was substantially oriented in parallel 
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with the surface of the substrate. 

The multilayered film was annealed in the air at 
240°C for 3 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as an primary layer. 

As a result of the X-ray diffraction of the Co-con- s 
taining y-Fe 2 0 3 film obtained, it was found that the ra- 
tio [S^ooj/Spnj] of the peak area of the plane (400) and 
the peak area of the plane (311) was 8, that the plane 
(400) was substantially oriented in parallel with the 
surface of the substrate, and that the spacing of the 10 
plane (400) was 2.072 A. As a result of observation 
of the magnetization curve of the Co-containing y- 
Fe 2 0 3 f ilm, it was recognized as a perpendicular mag- 
netic film. As to the magnetic characteristics of the 
perpendicular magnetic film, the saturation magneti- 15 
zation was 330 emu/cm 3 , the coercive force was 1620 
Oe, the squareness was 0.51 (the value compensat- 
ed by a demagnetization coefficient was 0.90), and 
the perpendicular anisotropic magnetic field was 
6000 Oe. Thus, the Co-containing y-Fe 2 0 3 film 20 
proved to be a favorable perpendicular magnetic film. 

Example 10 

In a high-frequency high-rate sputtering device 25 
SH-250-T06 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 30 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 35 
ray diffractometry, it was found that the ratio 
[S ( 2oo/S (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 10, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 40 

Thereafter, the sputtering was carried out at a 
temperature of 200°C by using Fe-Co alloy target in 
an atmosphere of argon and oxygen under a partial 
oxygen pressure of 0.10 mTorr and the total pressure 
of 5 mTorr at a deposition rate of 40 A/min, thereby 45 
forming a Co-containing Fe 3 0 4 monolayered film (the 
molar ratio of Co to Fe was 0.020) having a thickness 
of 1000 A on the NiO primary layer. 

As a result of measurement of the monolayered 
film by X-ray diffractometry, it was found that the ra- 50 
tio[S j400) /S( 3l1 )] of the peak area of the plane (400) and 
the peak area of the plane (311) was 3, and that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate. 

The monolayered film was annealed in the air at 55 
330°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as a primary layer. 
As a result of the X-ray diffraction of the Co-con- 
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taining y-Fe 2 O a film obtained, it was found that the ra- 
tio [S^o/SonJ of the peak area, of the plane (400) 
and the peak area of the plane (31 1 ) was 2.5, that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate, and that the spacing of 
the plane (400) was 2.072 A. As a result of observa- 
tion of the magnetization curve of the Co-containing 
yFe 2 O a film, it was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 300 emu/cm 3 , the coercive force was 
1700 Oe, the squareness was 0.55 (the value com- 
pensated by a demagnetization coefficient was 0.89), 
and the perpendicular anisotropic magnetic field was 
7000 Oe. Thus, the Co-containing y-Fe 2 Q 3 film 
proved to be a favorable perpendicular magnetic film. 

Comparative Example 4 

In a high-frequency high-rate sputtering device 
SH-250-TO6 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry, it was found that the ratio 
[ s (2oo/S (111) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 6, and that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 film having a thick- 
ness of 280 A and an NaCI-type CoO film having a 
thickness of 20 A (the molar ratio of Co to Fe was 
0.107) were formed on the primary layer at 200°C as 
one unit of a multilayered film. That is, the thickness 
of one unit was 300 A. These operations were alter- 
nately repeated 6 times to obtain a laminated film 
composed of 3 Fe 3 0 4 layers and 3 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the ra- 
tio [S (40o /S (311) } of the peak area of the plane (400) 
and the peak area of the plane (311) was 4, and that 
the plane (400) was substantially oriented in parallel 
with the surface of the substrate. 

The multilayered film was annealed in the air at 
330°C for 2 hours so as to produce a Co-containing 
y-Fe20 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 film obtained, it was found that the ra- 
tio [S (400) /S (311) ] of the peak area of the plane (400) 
and the peak area of the plane (311) was 3, that the 
plane (400) was substantially oriented in parallel with 
the surface of the substrate, and that the spacing of 



27 



EP 0 673 021 A1 



28 



the plane (400) was 2.078 A. As a result of observa- 
tion of the magnetization curve of the Co-containing 
■y-Fe 2 0 3 film, it was recognized as a perpendicular 
magnetic film. As to the magnetic characteristics of 
the perpendicular magnetic film, the saturation mag- 
netization was 330 emu/cm 3 , the coercive force was 
4600 Oe, the squareness was 0.86 (the value com- 
pensated by a demagnetization coefficient was 0.94), 
and the perpendicular anisotropic magnetic field was 
18000 Oe. Thus, the Co-containing y-Fe 2 0 3 film 
proved to be a favorable perpendicular magnetic film. 

Comparative Example 5 

In a high-frequency high-rate sputtering device 
SH-250-TO6 (manufactured by Ulvac Corp.), a glass 
substrate was placed with a distance of 80 mm from 
a Ni target, and reactive sputtering was carried out at 
room temperature by using the Ni target in an atmos- 
phere of argon and oxygen under an oxygen partial 
pressure of 0.11 mTorr and the total pressure of 5 
mTorr at a deposition rate of 40 A/min, thereby form- 
ing a NaCI-type NiO film having a thickness of 1000 
A as a primary layer. 

As a result of measurement of the NiO film by X- 
ray diffractometry, it was found that the ratio 
[S t 2oo/S (31l) ] of the peak area of the plane (200) and 
the peak area of the plane (111) was 20, arid that the 
plane (200) was substantially oriented in parallel with 
the surface of the substrate. 

Thereafter, a spinel Fe 3 0 4 f ilm having a thickness 
of 320 Aand a NaCI-type CoO f ilm having a thickness 
of 2 A (the molar ratio of Co to Fe was 0.009) were 
formed on the primary layer at 150°C as one unit of 
a multilayered film. That is, the thickness of one unit 
was 322 A. These operations were alternately repeat- 
ed 8 times to obtain a laminated film composed of 4 
Fe 3 0 4 layers and 4 CoO layers. 

As a result of measurement of the multilayered 
film by X-ray diffractometry, it was found that the 
peak area of the plane (400) was appeared only, but 
the peak area of the plane (311) was not appeared, 
and that the plane (400) was substantially oriented in 
parallel with the surface of the substrate. 

The multilayered film was annealed in the air at 
300°C for 2 hours so as to produce a Co-containing 
y-Fe 2 0 3 film having a NiO film as a primary layer. 

As a result of the X-ray diffraction of the Co-con- 
taining y-Fe 2 0 3 film obtained, it was found that the 
peak area of the plane (400) was appeared only, but 
the peak area of the plane (311) was not appeared, 
that the plane (400) was substantially oriented in par- 
allel with the surface of the substrate, and that the 
spacing of the plane (400) was 2.072 A. As a result of 
observation of the magnetization curve of the Co- 
containing y-Fe 2 0 3 f ilm, it was recognized as a per- 
pendicular magnetic film. As to the magnetic charac- 
teristics of the perpendicular magnetic film, the sat- 



uration magnetization was 340 emu/err^, the coercive 
force was 1000 Oe, the squareness was 0.23 (the val- 
ue compensated by a demagnetization coefficient 
was 0.80), and the perpendicular anisotropic magnet- 
ic field was 3000 Oe. 



Claims 

10 1. A magnetic recording medium comprising: 

(a) a substrate; 

(b) an NiO primary layer which is provided on 
the substrate (a) and in which the plane (200) 
is substantially oriented in parallel with the 

15 surface of the substrate (a); and 

(c) a Co-containing maghemite film which is 
provided on the NiO primary layer (b) and in 
which the plane (400) is substantially oriented 
in parallel with the surface of the substrate 

20 (a), the molar ratio of Co to Fe is from not less 

than 0.01:1 to less than 0.10:1 and the spac- 
ing of the plane (400) is not more than 0.2082 
nm (2.082 A). 

25 2. A medium according to claim 1 , wherein the molar 
ratio of Co to Fe in said perpendicular magnetic 
film is from 0.015:1 to 0.07:1, and the spacing of 
the plane (400) is from 0.2065 nm to 0.2082 nm 
(2.065 to 2.082 A). 

30 . 

3. A medium according to claim 1 or 2 wherein the 
coercive force of said perpendicular magnetic 
f ilm is less than 240 kA/m (3000 Oe). 

35 4. A medium according to any one of the preceding 
claims wherein the coercive force of said perpen- 
dicular magnetic film is not more than 200 kA/m 
(2500 Oe). 

40 5. A medium according to any one of the preceding 
claims, wherein the thickness of said NiO primary 
layer (a) is from 80 to 300 nm (800 to 3000 A) and 
the thickness of said perpendicular magnetic film 
is from 100 to 500 nm (1000 to 5000 A). 

6. A medium according to any one of the preceding 
claims, wherein the layer (c) further contains Mn 
in the molar ratio of from 0.07:1 to 0.30:1 based 
on Co. 

7. A medium according to claim 6, wherein the molar 
ratio of Mn to Co is from 0.1:1 to 0.2:1. 

8. A medium according to any one of the preceding 
55 claims, wherein the squareness of said perpen- 
dicular magnetic film (compensated by a demag- 
netization coefficient) is not less than 0.88. 
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9. A medium according to claim 8, wherein the 
squareness of said perpendicular magnetic film 
(compensated by a demagnetization coefficient) 
is not less than 0.92. 

5 

10. A medium according to any one of the preceding 
claims, wherein the coercive force is less than 
240 kA/m (3000 Oe), the saturation magnetiza^ 
tion is not less than 280 Am 2 /! (280 emu/cm 3 ), the 
squareness is not less than 0.33, the squareness 10 
compensated by a demagnetization coefficient is 

not less than 0.88, and the perpendicular aniso- 
tropic field is not less than 398 kA/m (5,000 Oe). 

11. A process for producing a magnetic recording is 
medium cr*mprising: 

(i) forming, on a substrate, a NiO primary lay- 
er in which the plane (200) is substantially ori- 
ented in parallel with the surface of the sub- 
strate; 20 

(ii) forming on the NiO primary layer either a 
monolayer Co-containing magnetite film or a 
multilayer film composed of at least one unit 
wherein the or each unit is a laminate of a 
magnetite layer and a CoO layer, in which the 25 
plane (400) is substantially oriented in parallel 

with the surface of the substrate, and the mo- 
lar ratio of Co to Fe is from not less than 0.01 :1 
to less than 0.10:1 ; and 

(iii) annealing the resulting monolayer or mul- 30 
tilayerfilm at from 240 to 450°C. 

12. A process according to claim 11 wherein, in step 
(b), the or each unit is a laminate of a magnetite 
layer and an oxide layer containing Co and Mn, 35 
and the molar ratio of Mn to Co is from 0.07:1 to 
0.30:1. 
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